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sumiab; 

F-3 end 7-4 knock data are presented for Uends of 0, 20, 40, 

60 J and 80 percent voltne of trlptane in 28-B reference fuel plus 
approximately 4.6 ml TEL per gallon In the final hlends. For ccni- 
parlson of knock-llnlted pezfoznancef 28-B reference fuel containing 
2.7 percent "by Tolume of xylidlnes and leaded to 6 ml TEL per gallon 
is Included. In order to provide infozmation on temperature eensl- 
tlTitleSj tvD sets of modified conditions were used In addition to 
the standard 7-4 engine conditions. 

The x«clprocal of the knock-limited indicated mean effective- 
pressure of the trlptane blends vas found to vary approximately 
linearly vlth percentage trlptane at all the 7-4 engine conditions 
and fuel -air xeAloa intvestigated . 

IBTBODUCTIOB 

The data presented in this report are part of a general pro- 
gram to detexmlne the knock-limited perfoznance characteristics of - 
fuel hlends containing trlptaxie. This work vas. requested hy the 
Azny Air Forces and Is helng conducted at the Aircraft Engine 
Beseaarch Lahoratory of the BACA, Cleveland , Ohio. The data for the 
tests reported herein vere obtained during March 1944. 



AFFABATD5 ABD TEST ESOCEDDBB 

The 7-3 and the 7-4 engines used to ohtaln the data presented 
in this report coofoanDed to the,pac]nge, uxiits ylth the following 
exceptions: 
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1. The F-3 esglns operated from a "barametrlcally controlled dry- 

air BUipply Instead of vlth the dehydrating Ice tower. 

2. The F-4 engine employed electronic knock detection. 

The data presented cover tvo series of tests on the F-4 engine run 
to evaluate the knock-llnlted performance of 'blends containing trlptane 
and 28-B aviation fuel. The first series vas undertaken to detezmlne 
the F-4 engine specified ratings of the trlptane hlends. For .ccmparlson, 
a test was run on 28-B fuel containing appiroxlmatefly 3 percent xylldlnes 
hy volume and a lead concentration of 6 ml per gallon. The second series 
of testa vaa run to determine the Talendljag characteristics^ under a 
series of engine operating conditions ^ of the hlends containing trlptane 
and 28-B aviation fuel. 



No single small-scale engine j operating at a fixed set of condi- 
tions ^ can predict the knock-limited perfoznance of a full-scale engine 
operating under a vide vai'lety of conditions. Unpuhllshed tests on. fuels 
containing xylldlnes indicated that the follovliig three sets of CFR 
engine conditions vould represent a reasonahly hroad range of full-scale 
single -cylinder knock-limited operation: - ' 

Inlet -air Coolant 
temperature temperatue Spark advance 
(9F) (degB.T.C.)- 

F-4 specified 225 375 45 

Modified condition A 250 250 30 ' 

Modified condition B 150 250 '30 



At each of these conditions the hlends containing 0^ 20, 40, 80 j 
and 80 percent "by volume leaded trlptane and 28-B aviation fuel vere 
tested on the same day. The knock-limited indicated mean effective 
pressures for the different "blends at a given condition can therefore 
he assumed to he relatively consistent. In addition, F-3 tests vere 
made on the blends tested. 



DISCUSSIOII OF H8SULTS 

Figures 1, 2, and 3 present the knock-limited F-4 performance data 
for the trlptane hlends and, vlthln reference -fuel limits, the corres- 
ponding "bracketing reference curves. Vfhen rich-mlxtuTB perfonnance of 
the "blends vas "better than that of S-3 plus 6 ml TEL per gallon, only 
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the reference curve- for S-3''pltu9 6 n]. vas plotted.. The teat results 
on 28-R fuel OQAtalnlag Zil percent. xjrlldlzieB and leeided to 5.96 ml 
TEL per gallon are shown In fl^gure 4.' An eiaglne failure (piston and 
cylloAer scuffing) prevented the test of 2B-B fuel . This piston and 
cylinder failure -Iblb attritbuted -to insufficient clearance , and a 
10636GD plston-'^ins Installed In a <neir csrllnder for the subsequent 
tests. . ■ 

'.. 

The estimated lean eM rich perfozmance mmibers of the first' 
series of hlends tested are presented lii table I« Lean-'inlxture as 
well as rloh-inlxture knock-limited perf oznenoe Improved with In- 
creasing trlptane ooptent. The fuel containing xylldlnss gave loner 
knook-llnlted F-3 psi^oznance than anticipated. 

After the F-.4 engine vets, overhauled , the second series of testa 
on the trlp-tane 'blends nas hegun. These tests are presented In the 
chronological order of engine testing. Figure 5 ahovs the data com- 
piled ,on March 21 for the hlends containing 0, 20, 40, 60, and, 80 
percent leaded -trlptans and 28-B aviation fuel tested at an Iniet- 
alr teotperature of 250° F, a coolant, tesitperature of 250° F, and a 
spark advance of -30° B.T.C. A ateady Increase In the lean- and the 
rlch-mlxture 'knock-limited perfozmance acccnpanled an Increase In 
trlptane concentration. 

Heron and Beatty (reference 1) hcve euggested that, vlth super- 
cherged engines I the plot of reciprocal of knock-limited Indicated 
mean effective pressure agalnat octane number la a straight line. 
The graxth of reciprocal of knock-limited Indicated mean effective 
pressure against percentage ccmpositlon has "been found convenient 
in the prediction of "blend perfozmance of parafflnlc fuels (refer- 
ence 2) . Figure 6 eihows such a cross plot of the data In figure 5 
at four foel-alr ratios . ' These data Indicate that a reciprocal 
relation is approximately satisfied by the blends of trlptane and 
28-B' aviation -foal. 

The knock-ilffllted perfozmance data of the trlptane 'blends 
tested- on March 22 at an inlet-air temperature of 150° F, a coolant 
temperature of 250° F, and a spark advance of 30° B.T.C . are pre- 
sented in figure 7, and a cross plot of the kziock-llmlted Indicated - 
mean effective pressure (reciprocal scale) against the percentage 
ccmpoBltlon Is presented in figure 8. The progressive gains in 
knock-limited Indicated mean effective pressure for each additional 
• - 20-peroeiib incree^ In trlptane concentration at a fuel-air ratio of 
0.0625 Here 43, 46, 71', and 103 pounda per square inch, rearpectlvely 
(fig. 7). 
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Id. order to give 'an Indication of the temperature sensitivity of 
' trlptane , the ratio of the' knock-llinlted Indicated mean effective 
pressure at on inlet -air tensperature of 150° 7 to that at an Inlet-alr 
temperature of 250° 7 Is presented In -tahle II • The change In Icaock- 
llmlted Indicated laean effective pressure aoccnqpanylng the 100° 7 change 
£a~the Inlet-alr temperature Is. also taljulated. The Imoclc-llmlted 
Indicated mean effective pz«ssure vas' less affected hy Inlet-silr tenrpera- 
'tares at rich mixtures- than at lean mixtures. Althou^ no consistent 
trend other tlian a decrease with Increasing fuel -air ratio was oh served 
In the ratio of the Indicated mean effective pressures^ the actual dif- 
ference In the indicated mean effective pressure accompanying the 100° 7 
change In inlet ralr temperature steadily Increatied vlth trlptane concen- 
tration at lov fuel -air ratios. 

In order to estimate perfoznance numhers and check the condition 
of the englzie after the hlgh-pover runs, 26-B fuel vas rated (fig. 9). 
The S-3 reference fuel plus 2 ml TEL vas about 10-pounds-per-sg.UB37e-lncb 
indicated meaii effective pressure "belov the standard grid at the peak, 
"bvit part- of. this discrepancy Is caused hy the use of electronic rather 
than audible, means of indicating knock. The following perfoznance num- 
hers vlth corresponding fuel -air ratios have been assumed on the basis 
of this test for 2e-B fuel; 0.0625, 111; 0.070, 113; 0.090, 132; 0.110, 132 

7igure 10 preBents the knock-limited perfomance of the trlptane 
blends tested at- 7-4 .copdltlons on March 25 . The knock-limited indicated 
mean effective pressure (reciprocal scale) is cross-plotted against per- 
centage compoBltlon in' figure 11. Here . again, the relation is approx- 
imately linear.' Even at the relatively extreme 7-4 conditions, addition 
of trlptane causeid -a corresponding increase in the lean-mixture knock- 
limited perfoznance. - 

The relative knock-limited indicated mean effective prei^sures of 
figure 10 and the performance numhers of the trlptane hlends (estimated 
hy multiplying the assumed perfpimance numhers of 28 -B fuel from figure 9 
and the relative knock-limited indicated mean effective pressures of 
figure 10) a^e- presented in table III. Although these values cannot be 
expected to agree Jrieclsely with those of tahle I, the two, sets of values 
are of the same order of magnitude at rich fuel -air mixtures. .If the 
assumed value qf the 28 -B perfomance numher at a fuel -air ratio of 
0.110 of table III vere changed to 125, the tvo sets (tahles I and m) 
vould agree almost exactly. 

The estimated perfozmance numbers at a fuel-air ratio of 0.0625 in 
table in do not agree with the lean-mixture performance numhers that 
might he estimated from figures 1, 2, and 3. Because all the data in 
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flguro 10 were reooxAed oca ona deyi it la believed that they are the 
more cooalstent. The lack of reproduoiblllty of lean^mlxture perfoxm- 
anoe under the 7-4 eondltlooB la well reoognlaed. 

She knook^llnlted Inftloated nean effectlTe presaure agatnat per- 
eezxtage compoaltloa for leaded trlptane azid 28 -R fuel hlenda In the 
7-4 engine can be asprozlnately repreaented tj tbe equation (of. flga. 
6, 6, and U): 



P(H - A) - B (1) 

vtaere 

F knoclE-ljailted Indicated nean effective preaaure of the final bleni 
H percentage trlptane in 26-B fuel 

B conatant dependlzie tipon fusl-alr ratio and engine condltlona 
A the value of H coanre^pondlng to Infinite P 

Ib^erimentallyj the value of A vaa approximately 137 for all 
fuel-air ratloe and condltlona teated on the 7-4 engine. Xhe value 
137 la the abaclaaa of the Interaectlon of all the ctovea of flgurea 
6, 8, and U vlth the ordinate corresponding to Infinite Imock-llmlted 
Indicated mean effective preaaure andj hence j vould not be expected to 
be affected by e ng l T >e conditions. For convenience In estinatlng lean- 
mixture perfoxmance characteristic a at the three seta of engine con- 
ditions « the 0.06?5 fuel-alr-ratlo curves of figures 6, e, and 11 are 
replotted In figure 12. 

If, at constant fuel-air ratio and engine conditions, equation (l) 
is written first for the blended fuel euid then for the 28-B fuel, the 
factor B can be eliminated. The following equation reaulta: 



£ o 137 (2) 
Pq 137 - N 

where P^ ia knock-limited indicated mean effeotlTe pressure of 

28-B aviation fuel. Thla equation held fairly well for all fuel- 
air ratios and engine conditions tested. As can be seen from table in, 
the indicated -^nean-effeotlve -preaaure ratio waa fairly independent of 
fuel -air ratio and agreed reasonably well with the value pmdloted 
ly equation (2).- 



Similarly, if at a given trlptane oonoentratlon equation (1) la 
written for two seta of engine condltlona and the two reaultlng 
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eg.uatlonfi axe divided, the ratio of the Indicated mean effective 
presBures' at the two conditions gives: ' 




In other words , the ratio of the kuodc-llmlted Indicated znean effective 
preestireB at the two engine condltlonB 1b Independent of trlptane con- 
centration* This trend vas roughly verified In talile II. Other almlla? 
extonelons of equation (l), resulting from the fact that A was con- 
stant j can easily he derived. 

Figure 13 efhovs a plot of 7-3 and F-4 perfonoance numbers (recip- 
rocal scale) of table I against percentage composition. The F-3 engine 
did not satisfactorily Indicate the observed tremendous Inrprovement In 
lean-mixture perf oznance caused by the addition of trlptane to 28-B 
aviation fuel under supercharged tost methods > but the ratings did sbov 
progressive Improvement vlth Increases In trlptane concentration. 



The following results were obtained fl'cm this Investigation: 

1. The F-4 and the F-3 ratings of hlends containing trlptane and 
28 -E aviation fuel are tabulated: 



summab; of hesdlts 




0 
20 
40 
60 
80 



100 
80 
60 
40 
20 



^126 
147 
179 
220 

bsoo 



i 100 

I 109 

I 116 

1 133 



145 



^Inol TEL concentration > approximately 4.6 ml/gal. 
'^trapolated ft>am z^clprocal blending relation. 
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2. The teUBperature seBsltlvltles of the trlptana hlends as 

' repreeented "by the ratio of the knodE-llnlted. Isdlcated meon effec- 
tive preesure under ocndltloa B to the Imook-lliolted lodlcated 
neeui effective presBure under condition A vae roughly Independent 
of trlptana conoentratlon and varied frm. 1.25 at a fuel-edr ratio of 
0.0625 to 1.06 at a fuel-air ratio of 0.090. 

3. As a first apprQXjmatlon, the reciprocal of the Imoclc-lljnlted 
Indicated mean effective pressure of the trlptene "blends varied lin- 
early vlth the percentage triptase at tbe various cooditlcns tested. 

4. The 1)lend conteilnlng 60 percent triptane^ 20 percent 28-B 
aviation fuel« and leaded to 4.6 ml TEL per gallon alloved a knook- 
llnlted indicated mean effective pressure of approKlinately 2.4 times 
that of 28-B fuel at each fuel-air ratio under the three sets of 
operating coDditions tested in the F-4 engine. 



Aircraft Engine Besearoh Lal^oratory, 

national Advisory Ccnmlttee for Aeronautics, 
Cleveland, Ohio, April 18, 1944. 
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TABLE I -. EBOCE-LIMTIIED F-3 ABD 7-4 FERTOiMAIIGE 
. 07 A7]ATI0n-7DEL NJSSD8 



Blend 


7r4 (rich) 


7-3 rating 


f ^rfoznance 
kuober 


B-3 + ml "PiBT. 


Perrozmance 
number 


ZB-B aviation fuel; 
4.53 ml OSEL/gal 


• ■*126 




100 




20 percent trlptone; 
60 percent 26 -B; 
4.58 ml TEL/sqI 


147 


0.25 


109 


40 percent trlptene; 
60 percent 28-B; 
4.58 ml lEL/gal 


\79 


.55 


116 


60 percent tripteneV 
40 percent 28-B; 
4.75 ml T!L/gal 


■''220 


°1.46 


133 


80 percent trlptane; 
20 percent 28-B; 
4.59 ml TEZi/gal 


*300 


2.74 


145 


2.7 percent "bj roliane 
j^Udlnes; 97.3 
percent 28-B; 
5 .96 ml TEL/bbI 


151 


99.5 octane 
number 







^xtrapolated Axm reciprocal Uendlng relation (fig. 13). 
Estimated fran. Imep of test fuel and 8-3 pliu 6 ml TEIL at peak of 
^ Imep against fuel-edr ratio for S-3 plus 6 ml . 

The 7-3 rating vas made on a later "blend containing 4.64 ml TEL/gal. 
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OMBEE U - XmngCT of a CHABISB mr islet-air XSfFmTDHE from ISQP to 250° F 
. ON XlK}G[E''L]Mril!ED TSREORfMSCE OF BLEHIS COBTAIRIBG ZRIFZAIDS 

ABD 28-B A7IA3IIDN FOEL 

[f-4 englSB operating at modified conditions; spark advance « 30° B.T.C.; coolant 
teDgg^erature, 250° F; Inlet-alr teorperatvireB, 150° F and 250° F; lead concen- 
tratlonj 



Percentage 


Fuel -air ratio 


trlptane In 


0.0625 


0.070 


0.080 


0.090 


final U.end 


jbnep 
ratio 


Imep 
differ- 
ence 


Imep 

ratio 


jlmep 
differ- 
ence 


Imep 
ratio 


Imap 
differ- 
ence 


imep 
ratio 


imep 

dlffep- 

enoe 


. 0 


1.20 


32 


1.16 


27 


1.11 


22 


1.09 


18 


20 


1.28 


51 


1.19 


37 


1.10 


23 


1.07 


19 


40 


1.24 


54 


1.13 


34 


1.09 


26 


1.03 


11 


60 


1.25 


68 


1.13 


40 


1.07 


25 


1.04 


14 


80 


1.21 


78 


1.13 


55 



















ZABIS m - CQMPAIOCSOIf OF SBQCE-LIMrEED FERFOBMARGS OF 28-B AYIAHOH FUEL 
VnS ABD HCmODI ADDimV OF XRIFTAB]!: AT F-4 G0B1>ZEE}IIS 



Percentage 
trlpteoe In 
final Mend 


Imep ratio 
calculated 
Aram eq,ua- 
tlon (2) 


Fuel-air ratio 


0.0625 


0.070 


0.090 


0.1] 


LO 


Perform- 
ance 
namber^ 


Imep 
ratio 


Perform- 
ance 
nionber* 


Imep 
ratio 


Perform- 
ance 
number^ 


imep 
ratio 


Perfocm- 
ance 


imep . 
ratio 


0 


1.00 


111 


1.00 


113 


1.00 


132 


1.00 


132 


1.66 


20 


1.17 


129 


1.16 


129 


1.14 


153 


1.16 


155 


1.17 


40 


1.41 


159 


1.43 


164 


1.45 


197 


1.49 


188 


1.43 


60 


1.78 


196 


1.77 


214 


1.69 


244 


1.85 


236 


1.79 


80 


2.40 


^246 


2.22 


292 


2.59 


1)317 




J317 




100 


3.70 


*410 




''418 




*488 




D488 





Calculated "bj multiplying the assumed perfoxoEmce nmniber of 28-B aTiatlon fuel 
1)7 tbe imi^ ratio. 

■^Estimated fraa. the calculated Imep ratio. National AdTlsory 

Cconitiee for Aeronautics 
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Figure 1. - The knoek-llmlted perfomance of a blend containing 20 percent trlptane plus 
SO percent 28-H leaded to k.^S ml TBL per gallon; opera tl on under r-Ji specif ieatl one. 
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Figure 2. - The knocif-llmlted tjerformanoe of a blend containing Uo percent trlptanp olus rC 
percent 2S-R leaded to 4.5a ml TEL per gallon; operation under F-4 specifications. 
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Figure 3. - The knock-limited performance of a blend containing 60 percent trlptane plus 

40 percent 2a-K leaded to 4.75 nl TEL per gallon and a blend containing 80 percent trlptane 
plus 20 percent 2S-R leaded to 4.59 ml TEL per gallon; operation under F-U speci ficatlons. 
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Figure - The knock-limited perfonBance of a blend containing 97.? percent 28-R plus 

2.7 percent xylldlnes leaded to 5.9o ml TEL per gallon; operation under F-l» specifications. 
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Figure 5. - The knock-limited performfince of blends containing trlptane and 28-R aviation 
fucL In an F-*l engine operatlnc; at modified condition A. 
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Figure 6. - The blending characteristics of trlptane and 28-H aviation fuel in 
an P"^ engine at modified condition A, Lead concentration of final blend approx- 
imately 4.60 ml per gallon. 
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Figure 7. - The knoclt-llinlted performance of blends containing trlptane and 28-R aviation 
fuai In an F-^t- engine operating at modified condition B. 
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Figure 7. - Concluded. 
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Percentage trlptane In 28-R aviation fuel 
Figure 8. - The blending characteristics of trlptane ana gg-R avia.tlon fuel In 
an T-K engine at modified, condition B. Lead concentration of final blend approx- 
imately '4-.60 ml per gallon. 
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Figure 9. - The F-U performance ra.tlrg of 28-R aviation fuel.. 




Fuel-air ratio 

Figure 10. - The knoclt-llnilted perforrnance of blendB containing trlptane and 2S-R avlatloa 
fuel In an F-U engine operating at apecifled conditions. 
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Percentage trlptane In ?S-R aviation fuel 
Figure 11. - The blending characterlBtlos of trlptane and 28-R aviation fuel 

In an F-U- engine operating at specified conditions. Lead concentration of final 
blends approximately 1+.55 ml "^^^ P^'* gallon. 
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Percentai?e trlptanc In ?8-R aviation fuel 
Figure 12. - The blending characteristics of trlptane at .0625 fuel-air ratio. F-ll 
engine operating at specified snd modified conditions. Lead concentration Of 
final blend approxinately ■f.6o ml TEL per gallon. 
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Percentage trlptane In 2g-R aviation fuel 
Figure 13. - The blending characteristics of trlptane In the F-4 
and F-3 rating engines. 
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